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CROSS-REFERENCE TO RELATED APPLICATION ( S ) 

This patent application claims the benefit of the filing 
date of U.S. Provisional Patent Application No. 60/197,224 filed 
April 14, 2000; and U.S. Provisional Patent Application No. 

10 60/196,002 filed April 7, 2000; the entire contents of both of 
which are hereby expressly incorporated by reference. 

This patent application is further related to the following 
U.S. Patent Applications filed concurrently herewith and commonly 
assigned, entitled W A Method of Sharing Information among a 

15 Plurality of Stations in a Frame-based Communications Network" , 
W A Method of Enhancing Network Transmission on a Priority-enabled 
Frame-based Communications Network", "A Method of Determining a 
Start of a Transmitted Frame in a Frame-based Communications 
Network", "A Method of Determining an End of a Transmitted Frame 

20 in a Frame-based Communications Network", "A Method for Providing 
Dynamic Adjustment of Frame Encoding Parameters in a Frame-based 
Communications Network", n A Method for Selecting Frame Encoding 
Parameters in a Frame-based Communications Network 7 ', "A Method 
for Selecting Frame Encoding Parameters to Improve Transmission 

25 Performance in a Frame-based Communications Network", tt A Method 
of Determining a Collision Between a Plurality of Transmitting 
Stations in a Frame-based Communications Network", "A Method of 
Providing Synchronous Transport of Packets Between Asynchronous 
Network Nodes in a Frame-based Communications Network", "A Method 

30 of Controlling Data Sampling Clocking of Asynchronous Network 
Nodes in a Frame-based Communications Network 7 ', W A Method for 
Distributing Sets of Collision Resolution Parameters in a Frame- 
based Communications Network", W A Method and Apparatus for 
Transceiver Noise Reduction in a Frame-based Communications 

35 Network", W A Method for Selecting an Operating Mode for a Frame- 
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based Communications Network", and "A Transceiver Method and 
Signal Therefor Embodied in a Carrier Wave for a Frame-based 
5 Communications Network" . 

BACKGROUND OF THE INVENTION 

The present invention relates to the field of 
communications, and, in particular, to a frame-based 

10 communications network. 

As computers become more and more cost effective for the 
everyday consumer and for small businesses, such computers become 
more plentiful for use within local area environments such as 
homes, office buildings and the like. For example, within a home 

15 a person with a computer in the bedroom, and another in the 
living room, may want to share common files, utilize a common 
digital subscriber line (DSL) , or otherwise transfer information 
between the computers. Accordingly, various technologies are 
being developed for computer interconnection of multiple 

20 computers located within such environments. One example of such 
technologies are the Home Phoneline Network Alliance (HPNA) 
specifications for local area network (LAN) computer 
interconnection which utilize existing telephone lines within the 
local environment for the transmission of data packets between 

25 the computers. 

Fig. la shows in block diagram form a general home 
networking environment within which the present invention can be 
implemented. Home network 10 includes existing (installed) plain 
old telephone service (POTS) wiring 12, network clients 14, the 

30 computer port side of modem 16 and fax 18. POTS wiring 12 
provides wiring infrastructure used to network multiple clients 
at a customer premises (e.g., home) 20. POTS wiring 12 can be 
conventional unshielded twisted pair (UTP) wiring that is 
generally routed internally in the walls of the customer premises 

35 20 to various locations (e.g., rooms) within the customer 
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premises. Subscriber loop 22 (also called a "local loop 7 ') is a 
physical wiring link that directly connects an individual 

5 customer premises 2 0 to the Central Office through telephone 
network interface 24, a demarcation point between the inside and 
outside of customer premises 20. Of particular importance for 
residential networks are systems that provide communication 
between computers as reliably and with as high a data rate as 

10 possible. Communication over residential telephone wiring is 
provided through inventive frame-oriented link, media access and 
physical layer protocols and implementation techniques associated 
therewith described herein. 

Referring now to Fig. lb, those skilled in the art can 

15 appreciate that home phone-line network configuration 10 can also 
utilize interface 6010 to provide signals outside customer 
premises 20. For example, interface 6010 can include a V.90 modem 
as described above, connected through the central office to an 
internet service provider. Interface 6010 can include an ADSL 

20 modem, a VDSL modem or the like transport interface. 

Another desired solution for high speed data communications 
appears to be cable modem systems. Cable modems are capable of 
providing data rates as high as 56 Mbps, and is thus suitable for 
high speed file transfer. In a cable modem system, a headend or 

25 cable modem termination system (CMTS) is typically located at a 
cable company facility and functions as a modem which services 
a large number subscribers. Each subscriber has a cable modem 
(CM) . Thus, the CMTS facilitates bidirectional communication 
with any desired one of the plurality of CMs. Referring to FIG. 

3 0 lc, a hybrid fiber coaxial (HFC) network 1010 facilitates the 
transmission of data between a headend 1012, which includes at 
least one CMTS, and a plurality of homes 1014, each of which 
contains a CM. Such HFC networks are commonly utilized by cable 
providers to provide Internet access, cable television, pay-per- 

35 view and the like to subscribers. Approximately 500 homes 1014 
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are in electrical communication with each node 1016, 1034 of the 
HFC network 1010, typically via coaxial cable 1029, 1030, 1031. 

5 Amplifiers 1015 facilitate the electrical connection of the more 
distant homes 1014 to the nodes 1016, 1034 by boosting the 
electrical signals so as to desirably enhance the signal-to-noise 
ratio of such communications and by then transmitting the 
electrical signals over coaxial conductors 1030, 1031. Coaxial 

10 conductors 1029 electrically interconnect the homes 1014 with the 
coaxial conductors 103 0, 1031, which extend between amplifiers 
1015 and nodes 1016, 1034. Each node 1016, 1034 is electrically 
connected to a hub 1022, 1024, typically via an optical fiber 
1028, 1032. The hubs 1022, 1024 are in communication with the 

15 headend 1012, via optical fiber 102 0, 102 6. Each hub is 
typically capable of facilitating communication with 
approximately 20,000 homes 1014. The optical fiber 1020, 1026 
extending intermediate the headend 1012 and each hub 1022, 1024 
defines a fiber ring which is typically capable of facilitating 

20 communication between approximately 100,000 homes 1014 and the 
headend 1012. The headend 1012 may include video servers, 
satellite receivers, video modulators, telephone switches and/or 
Internet routers 1018, as well as the CMTS . The headend 1012 
communicates via transmission line 1013, which may be a Tl or T2 

25 line, with the Internet, other headends and/or any other desired 
device (s) or network. 

Given the HPNA environment and the Cable Modem System 
environment, an opportunity exists for a system provider to 
integrate each respective environment with voice services. Fig. 

30 Id depicts such an integrated environment. As can be seen in Fig. 
Id, a connection point in the home to the telephony world (e.g., 
the world of video, voice, high speed data network traffic) , 
could be provided to a home user through cable modem 1046 which 
would include an HPNA transceiver. The cable modem system 

35 provider may also wish to accomodate providing telephone service 
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along with high speed data service. A home computer user, rather 
than using a traditional modem to connect to an internet service 

5 provider, would find it convenient to utilize cable modem 1046, 
taking advantage of the very high speed data service provided by 
the cable modem. Having a cable modem customer, the cable modem 
provider may also find it commercially beneficial to offer video 
feeds, and telephone service over the same cable modem network. 

10 A cable modem having an HPNA V2 transceiver included 

therein, can readily interface into the home phone line network 
through the telephone jack within the home. Computers coupled 
to the home network then communicate through the cable modem to 
the outside telephony world as described above. Telephone service 

15 coming from outside the customer premises over the cable modem 
system would be in a digitized packetized format. It would then 
proceed over the HPNA network in the same digitized packeting 
format. If the user, in addition to having computers and the like 
attached to the HPNA network, wished to have an analog 

20 telephone (s) connected to the HPNA, the telephone' (s) analog 
signal would go through a digital conversion and put the digital 
information into packets for passing the packets back and forth 
over the network. The analog telephone signal is sampled and 
packetized at the appropriate clock rate creating the packet 

25 after a certain number of samples. 

Therefore, to effectively operate in such communications 
network environments a need exists for a method and apparatus for 
optimizing signal transformation in a frame-based communications 
network. The present invention as described and claimed in this 

30 application provides a solution to meet such need. 
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SUMMARY OF THE INVENTION 

In accordance with the present invention, a method of and 

5 apparatus for optimizing signal transformation from a twisted 
pair transmission line to a combination transmitter and receiver 
for a frame-based communications network is provided, the 
transmitter having a transmit output pair port for transmitting 
signals onto the frame-based communications network over the 

10 twisted pair transmission line, the receiver having a receive 
input pair port for receiving signals from the frame-based 
communications network over the twisted pair transmission line. 
A transformer is coupled between the twisted pair transmission 
line and each of the transmit output pair port and the receive 

15 input pair port. The transformer has a coil across the twisted 
pair, a transmit coil across the transmit output pair port, and 
a receive coil across the receive input pair port. A transfer 
ratio between the transmit coil and the coil across the twisted 
pair is optimized for transmitting signals. A transfer ratio 

20 between the receive coil and the coil across the twisted pair is 
optimized for receiving signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs, la, lb, lc and Id are simplified block diagrams 
25 showing a home networking environment within which the present 
invention can be implemented. 

Fig. 2 is a seven-layer network stack model, according to 
the ISO seven-layer network standard, as used in accordance with 
the present invention. 
30 Figs. 3a and 3b show a broadcast /multipoint network and a 

point-to-point network, respectively, for use in accordance with 
the present invention. 

Figs. 4a and 4b show respectively an integrated MAC/PHY 
aspect and an analog front end aspect of an embodiment of the 
35 present invention. 
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Figs. 5a and 5b depict the metallic power spectral density 
associated with the transmitter in accordance with the present 
5 invention. 

Fig. 6 shows the magnitude of the transmitter output in 
accordance with the present invention. 

Figs. 7 and 8 depict maximum peak-to-peak interferer level 
over frequency range in accordance with the present invention. 
10 Fig. 9 shows minimum impedance over frequency range. 

Fig. 10 shows an example of input impedance in view of a 
lower bound mask over frequency range in accordance with the 
present invention . 

Fig. 11 shows in functional block diagram form an embodiment 
15 of a transceiver in accordance with the present invention. 

Fig. 12 depicts a split winding transformer in accordance 
with the present invention. 



25 
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DETAILED DESCRIPTION OF THE INVENTION 

A communications network typically includes a group of nodes 

5 interconnected by a transmission medium. The term "node" relates 
to any device that shares frames of data with other nodes in the 
network. Devices that may make up a node are computers, 

printers, scanners, etc. A node may also be a telephone, a 
television, a set- top box for televisions, a camera or other 

10 electronic sensing or communication device. Any device that can 
send and/or receive frames of data with other devices via a 
communication medium may be a node for purposes of the present 
invention. 

The transmission medium that links each node in a network 

15 is equally one of a diverse family of media. Common media used 
include unshielded twisted pair (e.g. phone wire, CAT-5 cabling) , 
power lines, optical fiber, coaxial cable and wireless 
transmission media. The operations that each individual node 
performs in order to access data from, and transmit data to, the 

2 0 rest of the network may be logically broken down into seven 
layers according to the ISO Open Systems Interconnection (OSI) 
seven-layer network model, which is also referred to as the 
"network stack". The seven layers, from the bottom to the top 
are: 1) the PHYSICAL layer, 2) the DATA LINK layer, 3) the 

25 NETWORK layer, 4) the TRANSPORT layer, 5) the SESSION layer, 6) 
the PRESENTATION layer, and 7) the APPLICATION layer. Fig. 2 
illustrates the ISO seven-layer reference model. 

The PHYSICAL layer, or physical link layer, or PHY, is 
concerned with transmission of unstructured bit stream traffic 

30 over physical media, and relates to the mechanical, electrical, 
functional, and procedural characteristics to access and receive 
data from the physical medium. The DATA layer, sometimes 
referred to as the data link layer, provides for the reliable 
transfer of information across the physical link. It is 

35 concerned with sending frames, or blocks of data, with the 
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necessary synchronization, error control, and flow control. The 
NETWORK layer separates the uppermost layers from the 

5 transmission and switching technologies used to connect nodes. 
It relates to establishing, maintaining, or terminating 
connection between nodes . 

The TRANSPORT layer relates to reliability and transparency 
in data transfers between nodes, and provides end-to-end error 

10 recovery and flow control. The SESSION layer provides control 
to communications between applications, and establishes, manages, 
and terminates connections between cooperating applications. The 
PRESENTATION layer provides independence to the application 
processes from differences in data syntax or protocols. Finally, 

15 the highest layer, the APPLICATION layer, provides access to the 
OSI environment for users. Much more has been written about the 
benefits and distributed functionality of such an arrangement of 
layers and need not be recounted here. 

In frame-based networks, there are two fundamental models 

20 or topologies: 1) broadcast/multipoint networks, where all nodes 
are physically attached to the same network medium, and use a 
single, shared channel and frames transmitted on the network are 
visible to all nodes; and 2) point-to-point networks, where pairs 
of nodes are connected to each other with communication channels 

25 which are not connected to any other nodes on the network. Frames 
transmitted on one channel are not visible to nodes on other 
channels unless the frames are retransmitted onto the other 
channels by a node that is connected to multiple channels. Each 
channel may use a separate segment of the network medium, or 

30 multiple channels may share a single segment using e.g., 
Frequency Division Multiplexing or Time Division Multiplexing 
techniques. One common example of such a point-to-point network 
topology is that used for IEEE lOBaseT 802.3 networks, with 
network nodes connected via point-to-point Category 5 unshielded 

35 twisted pair cable, using multi-port devices called hubs to 
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retransmit frames received from one network segment to all other 
segments . 

5 Figs. 3a and 3b show a broadcast/multipoint network and a 

point-to-point network, respectively, for use with the present 
invention. In Fig. 3a, representative nodes 140a, 140b, 140c are 
communicatively coupled with a common transmission medium 250 
through individual segments 240a, 240b, 240c respectively. Thus, 

10 a message containing a broadcast destination address sent from 
one node is sent to all other nodes coupled with transmission 
medium 250. In Fig. 3b, nodes 140d, 140e, 140f are 
communicatively coupled to each other by individual segments 
260d, 260e, 260f respectively of transmission media and hub 255. 

15 Messages sent from one node to another node on one segment are 
not visible to nodes on other segments unless they are 
retransmitted by a node that is connected to multiple segments, 
such as hub 255 in a network. Segments 240a, 240b, 240c and 
common transmission medium 250 may be (but are not restricted to) 

20 & phone line, a power line, a wireless medium, coaxial cable, or 
a fiber optic medium. Reference to Figs. 3a and 3b should be 
made with respect to the description of the embodiments of the 
invention as set forth below. 

Each node in either type of network has within it a device 

25 that permits the node to send and receive data frames in the form 
of electrical, electromagnetic, or optical signals. The device 
is conventionally a semiconductor device implementing the 
PHYSICAL layer of the network connectivity, and the medium access 
control (MAC) portion of the DATA layer of network connectivity. 

30 Returning to Fig. 2, there is shown a basic network 

illustrating a network communication protocol between first node 
102 that runs an application ("APP X") and another node 104 that 
runs the same or different application ( "APP Y") . Nodes 102 and 
104 communicate message 108 via transmission medium 106. In the 

35 example shown in Fig. 2, when node 102 has message 108 to send 



-10- 



1 



42155/RJP/E264 



to node 104, it transfers the message down through its network 
stack on the left, from layer to layer. Application header (AH) 

5 103 is appended to message 108 in the APPLICATION layer, to 
identify the application being executed by node 102. Original 
message 108, plus the application header AH, is passed to the 
PRESENTATION layer, where it is again appended with a 
presentation layer header (PH) 105. Such process continues, 

10 accordingly adding session header (SH) 107, transport header (TH) 
109 and network header (NH) 111 down to the DATA layer, where the 
message and appended headers is encapsulated with data layer 
header (DH) 112 and start of frame (SOF) indicator 113. The DATA 
layer also may add data trailer (DT)114 and end of frame (EOF) 

15 indicator 115 . Data layer header 112 may include a source 
address (SA) to identify node 102 sending the message, and may 
also include a destination address (DA) to identify the intended 
recipient or group of recipients. 

The message with appended headers, trailers and indicators 

2 0 is then passed to the PHYSICAL layer where it is passed on to 
network transmission medium 106. When received by node 104, the 
reverse process occurs in the network stack of node 104. At each 
layer, the header and/or trailer information is stripped off as 
message 108 ascends the network stack. 

25 The details of the network stack in Fig. 2 are provided for 

reference only, and the present invention is not limited to 
functioning with network stack implementations that exactly match 
Fig. 2. 

Referring still to Fig. 2, the lower two layers are 
30 described in further detail. It should be understood that these 
layers are typically implemented as a combination of logic and 
memory storage that is configured to carry out the task of the 
layer. The logic can be in the form of hardware, software, 
firmware, or a combination of those. Each layer may also be 
35 implemented using programmable gate array (PGA) technology, such 
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as system programmable gate arrays (SPGA) and field programmable 
gate arrays (FPGA) . Also, each layer, or a combination of the 

5 layers, may be implemented as an integrated circuit or software 
program. Therefore, it should be apparent to those skilled in 
the art, that there are many ways in which to implement the 
inventions described herein. 

Fig. 2 shows DATA layers 12 0a, 12 0b and PHYSICAL layers 

10 220a, 220b for a representative pair of nodes 140a, 140b 
according to the invention. Each node has within it 

semiconductor device (s) that implement the PHYSICAL layer as well 
as the medium access control (MAC) and Link Layer portions of the 
DATA layer, such as that implemented by the Broadcom Corporation 

15 Model BCM 4210 Controller. As discussed above, the PHYSICAL 
layer is concerned with transmission and reception of bit stream 
traffic to and from the transmission medium. Transmitters and 
receivers, described in more detail below, form a transmission 
medium interface, and may be implemented as a single device or 

2 0 separate devices. 

Referring now to Figs 4a and 4b, an embodiment implementing 
the inventive concepts is depicted wherein, for example, a device 
such as computer 14 can be interconnected therethough to premises 
UTP wiring as set forth in Fig. la, and through which the protocol 

25 set forth in Fig. 2 is processed. Fig. 4a shows in block diagram 
form the controller aspects of the embodiment, while Fig. 4b show 
typical network interface device (NID) analog front end aspects 
of the embodiment. 

Referring to Fig. 4a, controller 300 is a fully integrated 

30 MAC / PHY device that transmits and receives data (e.g., 10Mbps 
and above as implemented by the aforementioned Broadcom 
Corporation Model BCM 4210, 4211, 4413 controllers) . Controller 
300 includes bus interface 310, such as a PCI or MSI bus 
interface for communication in accordance with well-known PC - 

35 based and/or peripheral /internet appliance architectures. 
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Controller 3 00 also includes digital PHY 32 0 having a FDQAM / QAM 
transmitter and receiver interfacing with the analog front end 

5 and MAC 33 0, coupling to bus interface 310 through transmit (TX) 
FIFO 340 and receive (RX) FIFO 350. Bus interface 310 also has 
the capability of similarly communicating with other devices 360, 
such as a v. 90 modem through v. 90 modem interface or a 10/100 
Fast Ethernet bus through a 10/100 Fast Ethernet interface, and 

10 their respective transmit (TX) FIFO 370 and receive (RX) FIFO 
380. The operations of such bus interfaces and TX / RX FIFOs are 
well known in the art and are not described in more detail. The 
operation of the MAC / PHY aspects of the embodiment are 
described in more detail herein below. 

15 Referring to Fig. 4b, NID analog front end 400 connects 

controller 3 00 depicted in Fig. 4a to a transmission medium 106 
such as a premises UTP wiring as depicted in Figs, la, lb and lc. 
Analog front end 400 includes digital input /output (I/O) circuit 
410 for transferring samples and is coupled to a transmit path 

20 and a receive path. Digital I/O 410 includes clock 412 for 
driving controller 300 with a 64MHz + /- lOOppm clock generated 
by 64Mhz crystal 414. The transmit path includes digital-to- 
analog converter 42 0 for converting 10 bit sample data to an 
analog signal, automatic gain controller 425 for setting gains 

2 5 based upon input received by digital I/O 410, filter 43 0, 
transmit-off switch 435, and is coupled to phoneline connector 
450, such as a UTP wiring RJll connector, through electronic 
hybrid 440 for buffering signals and filter / transformer / 
electronic protection circuit 445. The receive path includes 

30 analog-to-digital converter 460 for sending valid sample data, 
variable gain amplifier (VGA) 470, filter 480 for low-pass anti- 
aliasing, VGA 490, and is similarly coupled to phoneline 
connector 450 through electronic hybrid 440 and filter / 
transformer / electronic protection circuit 445. Electronic 

35 hybrid 440 and filter / transformer / electronic protection 
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circuit 445 are connected therebetween by a plurality of transmit 
and receive lines (e.g.,TX, RXl, RX2) 495. The operations of the 

5 analog front end are well known in the art. 

Now turning to transmitter electrical characteristics, 
stations at a minimum are capable of transmitting and receiving 
2 MBaud modulated frames in native V2 frame format. In a 
preferred embodiment stations are capable of transmitting and 

10 receiving 2 Mbaud Compatibility V2 frame format. Stations at a 
minimum are capable of transmitting all constellations from 2 
bits-per-Baud to 8 bits-per Baud (PE values 1-7) and receiving 
all constellations from 2 bits per Baud to 6 bits per Baud (PE 
values 1-5). The R.M.S. differential transmit voltage does not 

15 exceed -15 dBVrms in any 2 -msec window between 0 and 30 MHz, 
measured across a 13 5-Ohm load between tip and ring for any 
payload encoding. The peak differential transmit voltage does 
not exceed 580 mVpeak for any payload encoding at either 2 Mbaud 
or 4 M baud. Stations that are not transmitting emit less than 

2 0 ~65 dBVrms measured across a 100-Ohm load between tip and ring. 

The electrical characteristics described below as to spectral 
mask apply to both the V2 native mode and the V2 compatibility 
mode. The V2 metallic power spectral density (PSD) is constrained 
by the upper bound depicted in the Figs. 5a and 5b with the 
25 measurement made across a 100~Ohm load across tip and ring at the 
transmitter wire interface. The mask applies to all payload 
encodings at both 2 and 4 Mbaud. The resolution bandwidth used 
to make this measurement is 10 kHz for frequencies between 2.0 
and 30.0 MHz and 3 kHz for frequencies between 0.015 and 2.0 MHz. 

3 0 An averaging window of 213 seconds used, and 1500-octet MTUs 

separated by an IFG duration of silence is assumed. A total of 
50 kHz of possibly non-contiguous bands may exceed the limit line 
under 2.0 MHz, with no sub-band greater than 2 0 dB above the 
limit line. A total of 100 kHz of possibly non- contiguous bands 
35 may exceed the limit line between 13.0 and 30.0 MHz , with no sub- 
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band greater than 20 dB above the limit line. The 10 dB notches 
at 4.0, 7.0 and 10.0 MHz are designed to reduce RFI egress in the 

5 radio amateur bands. The mask is tested at PE values of 1 and 2 
(2 and 3 bits/symbol), as these payload encodings result in the 
maximum transmitted power. The absolute power accuracy is +0/-2.5 
dB relative to -7 dBm, integrated from 0 to 30 MHz. The passband 
ripple between 4.75 and 6.25 MHz and between 8.0 and 9.25 MHz is 

10 less than 2.0 dB. The magnitude of the V2 transmitter output is 
upper-bounded by the temporal mask shown in Fig. 6 for a 
compatibility mode pulse (the symbol response of the 2.0 
transmitter) . The response is measured across a 100-Ohm load 
between tip and ring at the transmitter's WIRE interface. Output 

15 before t = 0 and after t = 5.0 microseconds is < 0.032% of the 
peak amplitude. The first compatibility mode pulse in the 
modified AID is exactly the transmitter symbol response. The 
transmitter C-weighted output in the band extending from 200 Hz 
to 3000 Hz does not exceed 10 dBrnC when terminated with a 600- 

2 0 Ohm resistive load. The transmitter emits no more than -55 dBVrms 

across a 50-Ohm load between the center tap of a balun with CMRR 
> 60 dB and the transceiver ground in the band extending from 0.1 
MHz to 50 MHz. The transmitter clock frequency is accurate to 
within +/-100 ppm over all operating temperatures for the device. 
25 The minimum operating temperature range for this characteristic 
is 0 to 70 degrees C. In general, a + /- 50 ppm crystal meets this 
characteristic. The R.M.S. jitter of the transmitter clock is 
less than 7 0 psec, averaged over a sliding 10-microsecond window. 
The differential noise output does not exceed -65 dBVrms across 

3 0 a 100-Ohm load, measured from 4 to 10 MHz with the transmitter 

idle. There is no gain or phase imbalance in the transmitter, 
except with respect to constellation scaling as described above. 

Now turning to a comparable receiver's electrical 
characteristics, the receiver detects frames with peak voltage 
3 5 up to -6 dBV across tip and ring at a frame error rate of no 
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greater than 10" 4 with additive white Gaussian noise at a PSD of 
less than -140 dBm/Hz, measured at the receiver. The receiver 

5 detects 1518-octet frames frames encoded as 2 bits/symbol and 2 
Mbaud with R.M.S. voltage as low as 2.5 mV at no greater than 
10" 4 frame error rate. The R.M.S. voltage is computed only over 
time during which the transmitter is active. The receiver detects 
no more than 1 in 10 4 1518-octet, 2 bits/symbol, 2 Msymbol/sec 

10 frames with R.M.S voltage less than 1.0 mV. Both criteria 
assume additive white Gaussian noise at a PSD of less than -140 
dBm/Hz, measured at the receiver, and assume a flat channel. The 
receiver demodulates frames with payload encoded at 6 
bits/symbol, 2 or 4 Mbaud (if implemented) ,and differential R.M.S 

15 voltage as low as 2 0 mV (measured over the header) at a frame 
error rate less than 10-4 under the following conditions: (1) 
White Gaussian noise with PSD less than -130 dBm/Hz is added at 
the receiver, and (2) A single tone inter ferer with any of the 
frequency band and input voltage combinations set forth in Fig. 

20 7. The applied voltage is measured across tip and ring at the 
input to the transceiver. The receiver demodulates frames with 
payload encoded at 6 bits /symbol, 2 or 4 Mbaud (if implemented) , 
and differential R.M.S voltage as low as 20 mV (measured over the 
header) at a frame error rate less than 10-4 under the following 

25 conditions: (1) White Gaussian noise with PSD less than -130 
dBm/Hz is added at the receiver, differential mode, and (2) A 
single-tone interf erer, measured between the center tap of a test 
transformer and ground at the input to the transceiver, with any 
of the following frequency band and input voltage combinations 

30 set forth in Fig. 8. The common mode rejection of the test 
transformer used to insert the signal should exceed 60 dB to 100 
MHz . 

The average return loss of the transceiver with respect to 
a 100-Ohm resistive load exceeds 12 dB between 4.75 and 9.25 MHz. 
35 This characteristic applies to the transceiver powered on or in 
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low-power mode (transmitter powered off) . The average return 
loss with respect to a 100-Ohm resistive load exceeds 6 dB 

5 between 4.75 and 9.25 MHz with the transceiver removed from a 
source of power. The magnitude of the input impedance is > 10 
Ohms from 0-3 0 MHz and conforms to the lower-bound mask set forth 
in Fig. 9. This characteristic applies to the transceiver powered 
on, in low-power mode (transmitter powered of f ) , or removed from 

10 a source of power. Fig. 10 shows an example of the input 
impedance of a compliant device with a lower bound mask. 

With regard to the receiver aspects in accordance with the 
PHY layer protocol , reference in made to Fig. 11, wherein 
receiver functionality 900 is shown in block diagram form. 

15 Receiver functionality 900 performs the reverse of that described 
above for transmitter 500, namely, upon receiving a signal from 
2-4 wire hybrid and performing front end processing as described 
in conjunction with Fig. 4b, the following occurs: QAM/FDQAM 
Demodulator Gap Removal, Consellation Decoding, De- scrambling and 

20 De-framing, as is well-known in the art given the above-defined 
transmitter functionality. 

Referring back to the NID analog front end shown in Fig. 4b 
and a portion thereof shown in Fig. 12, in accordance with the 
present invention, a split winding transformer with turns ratios 

25 optimized for maximum transceiver signal to noise ratio is 
provided. More broadly, a split winding transformer useful in a 
modem application is provided. The transmitter output signal 
level for typical modems is nominally fixed within some guardband 
of the FCC or other regulatory agency power limit. The signal 

3 0 level at the receiver input, however, is highly variable 
depending on the channel attenuation in the path from a remote 
transmitter. Consequently, the ideal line isolation transformer 
turns ratio from the transmitter output to the line of wt:l is 
not optimal for the receiver. At a modest additional cost of an 

35 additional transformer winding, the turns ratios for the 



-17- 



1 



42155/RJP/E264 



transmitter and receiver can be set independently, while still 
allowing for hybrid echo cancellation. Since the receiver input 

5 signal will usually be less than the transmitter output signal, 
the optimal turns ratio is wt : 1 from input to line, where wr > 
wt . This step-up from the transmitted signal provides a 
"noiseless" gain that enhances the achievable receiver S/N ratio. 
The maximum separation between wt and wr is limited by the 

10 reduction in coupling between transmit and receive windings that 
occurs for large differences. This introduces phase shift that 
compromises the effectiveness of common echo cancellation 
schemes. Practical numbers for the wr:wt ratio are from 1 to 4 . 
Prior art voiceband or ADSL modems do not take advantage of this 

15 technique. In the case of ADSL, the situation is particularly 
egregious in that it is common to use step up transformers from 
modem to line side in order to boost the transmitted signals up 
to levels required for long distance communication. This means 
there is actually attenuation of received signals. As can be seen 

20 in Fig. 12, f ilter/transf ormer/protection components 445, 
typically including filter/protection components 451 and 
transformer 453, is coupled in the Transmit and Receiver paths 
495 and provides, for example, TX path 455 and RX path 457 to be 
coupled to TIP and RING of Phoneline RJ11 connector 450 through 

25 transformer 453. Wt:l is transmit winding ratio; Wr:l is the 
receive winding ratio; with the reference point, the twisted pair 
line, being 1. Transformer 453 couples the TIP line to the TX 
signal path from electronic hybrid 440 via wt:l windings. 
Transformer 453 likewise couples the RING line to RX signal path 

3 0 via wr:l windings. Therefore, in accordance with the present 
invention, a small signal on the line being received can be 
stepped up, while on the transmit side on the other hand, a 
stepping down can occur. Therefore in accordance with the present 
invention a Wr of 2 provides a 1 to 2 step up, while on the 

35 transmit side a Wt is 2/3 would, in essence provide a ratio of 
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3 to 1 between the transmit and receive transformer windings. As 
set forth in Fig. 12 common core 459 is provided with three 

5 windings thereon, namely tip/ring winding 461a, transmit side 
winding 461b and receive side winding 461c. The transformer is 
thereby optimizable to provide the best signal to noise ratio for 
the transceiver. 

Referring again back to Fig. 4B, in one embodiment 

10 implementing the present invention a modem operating in half- 
duplex mode typically leaves the transmitter connected full-time 
to the hybrid and transformer devices performing 4-wire to 2-wire 
conversion from modem to line, even though it is not active while 
a signal is being received. From a signal perspective, this has 

15 no consequence. However, the noise contribution from the 
transmitter output to the receiver input can be significant in 
a low-power signal environment. The addition of simple switch 
435 (e.g., a two transistor transmission gate in CMOS technology) 
between the output of the transmitter (e.g., filter 430) and 

2 0 hybrid 440 reduces noise injected at the receiver input and 
therefore substantially improve receiver S/N ratio. Activation 
of the switch can be incorporated into an automatic gain control 
loop with the minimum gain control setting causing the switch to 
turn off. Alternatively, a specific gain control code can be 

25 assigned to activate the switch, which can then be turned off 
(disabled) and on (enabled) in a directed manner. 

As can be seen in the typical NID depicted in Fig. 4B, 
electronic hybrid 440 feeds signal from the transmitter back into 
the receiver. VGA 47 0 has two pairs of inputs, one fed back from 

30 the transmitter, the other a receive input from line 106. Any 
signal coming out of the transmitter causes a self-echo path 
(e.g., through the transformer depicted in Fig. 12) into the 
receiver that should be suppressed, such that the receiver does 
not get confused as to whether such self-echo is a signal coming 

35 from line 106. Noise also can get injected into the receiver from 
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the transmitting side, even during times when there is no 
transmitting, since the electronics components in the 

5 transmitting path can contribute noise, even when idle. 

Therefore, in accordance with the present invention, when 
the transmitter is not transmitting, transmit-off switch 435 
provided in the transmitting path, is switched off thereby 
blocking noise from getting injected back into the receive path 

10 which would deteriorate receiver performance. As can be seen in 
Fig. 4B, in the preferred embodiment the switch is located 
proximate to the end of the transmit path, i.e., just before 
combined electronic hybrid 440. 

Those skilled in the art can appreciate that, while the 

15 present invention has been specifically described in conjunction 
with telephone lines in a home networking environment, other 
equivalent transmission medium could be used to implement the 
present invention. For example, the transmission medium for the 
frame-based communications network could include power lines 

2 0 interconnecting transmitting and receiving stations. 
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